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© Pretreatment apparatus for use in analysis. 



© The apparatus for the pretreatment of sub- 
stances to be analyzed is capable of full-automati- 
cally conducting various kinds of operation, e.g. in 
particular the mounting and removal of caps (11) on 
and from the mouth portions of sample vials (10) the 
replacement of tips (19) in a tip holder (15), the 
divided pouring of various kinds of reagents in the 
sample vials (10) and the transfer of the sample vials 
(10) to various kinds of device. 
^ The apparatus comprises a storing portion (24) 

qq for tips (19), a storing portion (26) for reagent-con- 
^ taining vials (12), a storing portion (28) for sample 
00 vials (10), a chuck device (30) for said sample vials 

in 
in 

o 

Q. 
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(10), a unit (14) for divided pouring a reagent into the 
sample vials (10), a centrifugal stirrer (31), heaters 
(32, 33), an evaporator (34), a three-dimensionalty 
movable work hand (9) separately catching a tip 
holder (15), a vial cover (13), a screw cap (11) and 
the sample vial (10) from which said cap (11) has 
been removed, respectively, and tip-separating 
means (22) separating a tip (19), which has been 
used, are comprised. 

This pretreatment apparatus guarantees reproducible 
treatment conditions for all process steps in a 
preprogrammed time sequence of steps. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an apparatus 
for a pretreatment process of substances prior to 
their analysis, for example of sugars and the like. 

Description of the Prior Art 

A plural stages of steps method of conducting 
a pretreatment prior to an analysis of sugars is 
known, in which for example sugar chains are 
isolated to be labelled with fluorescences, compris- 
ing 

a first process steps sequence in which a 
sample vial is taken out of a storing portion of said 
sample vial, a screw cap of a mouth portion of the 
sample vial is removed to set the sample vial in a 
centrifugal stirrer, a reagent for example for 
pyridylamination is dividedly poured into the sam- 
ple vial by means of a reagent-dividedly pouring tip 
to be stirred, the sample vial is transferred to a 
heater after stirring to heat said stirred reagent and 
sample, and the heated sample vial is transferred 
to an evaporator where the excess reagents for 
pyridylamination is removed; 

a second process steps sequence in which the 
sample vial, from which the reagent has been 
evaporated away, is returned to said centrifugal 
stirrer, a reducing reagent is dividedly poured into 
the sample vial (with replacing said tip with a new 
one in order to prevent a contamination with the 
reagent used in the proceeding process) to be 
stirred, the sample vial is transferred to said heater 
for heating the sample, and the heated sample vial 
is returned to the centrifugal stirrer; 
a third process steps sequence in which the tip is 
replaced again to dividedly pour a first azeotropic 
reagent into the sample vial followed by stirring the 
tip is replaced similarly for dividedly pouring of a 
second azeotropic reagent into the sample vial 
followed by being stirred, and the sample vial is 
transferred to said evaporator to conduct an evap- 
oration followed by returning the sample vial to the 
centrifugal stirrer; 

a fourth process steps sequence, in which third 
and fourth reagents are dividedly poured in turn, 
similar to said third process steps sequence; and 

a fifth process steps sequence, in which the tip 
is replaced for dividedly pouring the fifth azeotropic 
reagent into the sample vial to stirr the mixture, the 
sample vial is transferred to the evaporator to con- 
duct an evaporation followed by closing said mouth 
portion of the sample vial by means of said screw 
cap, and the sample vial is returned to said storing 
portion. 



However, this known pretreatment processing 
includes some troublesome manual operations re- 
quiring particular experience and skill such as re- 
moval and mounting of the screw cap from and on 

5 the mouth portion of the sample vial replacement 
of the reagent-dividedly pouring tip, divided pour- 
ing of the reagents into the sample vial and transfer 
of the sample vial in the centrifugal stirrer, the 
heater and the evaporator. Accordingly, problems 

w have occurrred in that the analysis pretreatment 
does not only take considerable time and the man- 
agement of the process steps is difficult, but last 
not least the treatment conditions are poor in repro- 
ducibility. 

75 

SUMMARY OF THE INVENTION 

In recognition of the above outlined problemes, 
it is an object of the present invention to provide a 

20 pretreatment apparatus for use with the analysis of 
specific substances, this, e.g. of sugars and the 
like, capable of full-automatically conducting a se- 
ries of pretreatments. 

In order to achieve this object, a pretreatment 

25 apparatus according to the present invention for 
use in connection with and for a substance analysis 
comprises a storing portion of reagent-dividedly 
pouring tips, a storing portion of reagent-containing 
vials, a storing portion of sample vials, a chuck 

30 device of said sample vial chucking and rotating 
the sample vial, a unit for the divided pouring of a 
reagent into the sample vial from which a cap has 
been removed, a centrifugal stirrer for weighting 
said dividedly poured reagent and stirring the 

35 reagent and a sample, a heater for the stirred 
reagent and said sample and an evaportator of the 
reagent and sample, which pretreatment apparatus 
is characterized in that a three-dimensionally mov- 
able work hand picking up a tip holder of said unit 

40 for divided pouring of a reagent into the sample 
vial, a cover of a reagent-contained vial, a screw 
cap of the sample vial and the sample vial from 
which said cap has been removed, respectively, 
and tip-separating means separating a tip held by 

45 said tip holder by lifting up the tip holder. 

In a preferred embodiment, the unit for divided 
pouring of a reagent into the sample vial contained 
in the above described pretreatment apparatus 
comprises the tip holder caught by said work hand 

so and held in said storing portion in other processes 
than said divided pouring of reagent, a dividedly 
pouring pump and a flexible tube communicatingly 
connecting said dividedly pouring pump to the tip 
holder. 

55 With the pretreatment apparatus having the 

above described construction, troublesome manual 
operations can be avoided such as the removal 
and mounting of a screw cap from and on the 
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mouth portion of the sample vial, replacement of 
the tip for the tip holder, divided pouring of various 
kinds of reagent into the sample vial and transfer of 
the sample vial into various kinds of device, by a 
full-automatically conducted and operated work 
hand. 

In addition, in other processes different from 
said process of dividedly pouring various kinds of 
reagent into the sample vial, the unit is held in the 
storing portion of the unit for divided pouring of a 
reagent into the sample vial, so that the unit for 
divided pouring of a reagent into the sample vial 
and said tube does not hinder the movement of the 
sample vial with the result that the degree of free- 
dom in arrangements and designs of various kinds 
of devices and storing portions is enhanced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a front view showing main parts of a 
reagent-reacting and pre-treatment apparatus 
according to the invention; 

Fig. 2 is a rough plan view showing said 

reagent-reacting apparatus; 

Fig. 3 is an operation diagram showing the 

reagent-reacting apparatus; 

Fig. 4 is a diagram showing the construction of 

a unit for divided pouring of a reagent into a 

sample vial; 

Fig. 5 is a sectional view showing a head portion 
of said unit for divided pouring of a reagent into 
said sample vial; 

Fig. 6 is a sectional view showing a tip-housing 
case with a large number of tips housed therein; 
Fig. 7 is a perspective view showing said tip- 
housing case and a holding portion of the tip- 
housing case; 

Fig. 8 is a three-dimensionally illustrated plan 
view showing said holding portion of the tip- 
housing case according to another preferred 
embodiment with said main parts taken out; 
Fig. 9 is a detailed drawing showing a reagent- 
contained vial and a fractionedly illustrated vial 
cover; 

Fig. 10 is a diagram explaining a temporary 
placing of said cover on a cover-placing table; 
Fig. 11 is a perspective view showing said 
reagent-contained vial, said cover and said 
cover-placing table; 

Fig. 12 is a plan view showing a cover-placing 
member; 

Fig. 13 is a diagram explaining a condition of a 
surface-engaged support of said cover-placing 
member on said vial cover; 
Fig. 14 is a perspective view showing a chuck- 
ing device with main parts perspectively illus- 
trated; 



Fig. 15 is a longitudinally sectioned side view 
showing said chucking device; 
Fig. 16 is a longitudinally sectioned plan view 
showing the chucking device; 
5 Fig. 17 is a diagram showing an opened con- 

dition of the chucking device; 
Fig. 18 is a diagram showing a closed condition 
of the chucking device; 

Fig. 19 is a side view showing a centrifugal 
10 stirrer with main parts fractioned; 

Fig. 20 is a plan view showing said centrifugal 
stirrer; 

Fig. 21 is a diagram explaining a relative striking 
at a container-receiving member with a sample 

15 vial inserted therein; 

Fig. 22 is a diagram explaining a divided pour- 
ing of a reagent into said sample vial; 
Fig. 23 is a longitudinally sectioned side view 
showing a heater; 

20 Fig. 24 is a longitudinally sectioned side view 
showing an evaporator; and 
Fig. 25 is a longitudinally sectioned side view 
showing a washing device for a purge gas sys- 
tem of said evaporator. 

25 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The preferred embodiments of the present in- 

30 vention will be below described with reference to 
the drawings. Figures 1 and 2 are the whole draw- 
ings showing a full-automatical pretreatment ap- 
paratus used prior to an analysis of for example 
sugars and Fig. 3 is an operation diagram of said 

35 apparatus. 

Referring to these drawings, reference numeral 
1 designates a base of the apparatus and shafts 2 
extending in the back and forth direction arc ar- 
ranged on both (right and left) sides thereof. 

40 Reference numeral 3 designates a gate-type 

frame reciprocally movable in the back and forth 
directions and right and left leg members 5 of said 
gate-type frame 3 are mounted on said shafts 2 
through a linear bearing 4. 

45 Reference numeral 6 designates a slider recip- 

rocally movable along a horizontal member 7 of the 
gate-type frame 3 and said slider 6 is provided with 
a work hand 9 consisting of a pair of fingers 8 
openedly and closedly driven by a solenoid and 

so the like (not shown) so as to ascend and descend. 

Said work hand 9 is provided with a first con- 
cave portion (a) for separately catching a screw 
cap 11 (refer to Fig. 14) screwed on a sample vial 
10, a cover 13 (refer to Fig. 10) of a reagent- 

55 contained vial 12 and a tip holder 15 of a reagent- 
dividedly pouring unit 14 (refer to Fig. 4), respec- 
tively, formed on the depth side thereof and a 
second concave portion (b) for catching said sam- 
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pie vial 10, from which said screw cap 11 has been 
removed, formed on the pointed end side thereof. 

Said reagent-dividedly pouring unit 14 com- 
prises a dividedly pouring pump 16 consisting of a 
cylinder 16a having a small diameter and a piston 
16b connected with ascendedly and descendedly 
driving means 17, as shown also in Fig. 4, a 
flexible tube 18 connected with said dividedly pour- 
ing pump 16 and a hollow tip-holding pipe 20 
insertedly and elastically holding a tip 19 for 
dividedly pouring a liquid reagent held by said 
holder 15 shiftably in the direction opposite to the 
direction in which said tip is inserted, through a 
spring 21, said tube 18 being connected with said 
tip-holding pipe 20, as shown in Fig. 5, so that the 
tip holder 15 may be caught by the work hand 9 
merely in case of need and put in a storing portion 
36 in other cases because the tube 18 hinders a 
movement of the work hand 9. 

Next, reference numeral 22 designates tip-sep- 
arating means provided with a slit (c), in which the 
tip-holding pipe 20 is to be inserted, so that the tip 
19, which has been used, may be removed and the 
removed tip 19 may be collected in a case 23 by 
inserting the tip-holding pipe 20 in said slit (c) and 
lifting the holder 15 of the reagent-dividedly pour- 
ing unit 14. 

Reference numeral 24 designates a storing 
portion of the tip 19 held in a tip-housing case 25 
and reference numeral 26 designates a container- 
storing portion, in which said reagent-contained 
vials 12 are arranged in three lines, provided with a 
table 27 for placing said covers 13 of the vials 12 
thereon arranged along said line of vials on the rear 
side. 

Reference numeral 28 designates a storing 
portion of sample vials 10 for storing said sample 
vials 10 with the cap 11 arranged in the right and 
left direction and a table 29 for temporarily placing 
the screw cap 11, which has been once removed, 
thereon is arranged along a line of the sample 
vials. 

Reference numeral 30 designates a chucking 
device of the sample vial 10 used when the screw 
cap 11 is removed from and mounted on the 
sample vial 10 and reference numeral 31 des- 
ignates a centrifugal stirrer for rotating the sample 
vial 10, from which the cap 11 has been removed 
and in which said liquid reagent has been dividedly 
poured, to weight and stir the reagent dividedly 
poured into the sample vial 10. 

Reference numerals 32 and 33 designate heat- 
ers for promoting a reaction between the stirred 
sample and reagent and reference numeral 34 des- 
ignates an evaporator for distilling away the reagent 
within the sample vial 10 and concentrating the 
sample within the sample vial 10. A washing device 
35 of a purge system for an inside of the sample 



vial 10 is arranged in the vicinity of said evaporator 
34 and a holder-storing portion 36 is arranged 
between the evaporator 34 and one heater 33. 

Main constituent members in a reagent-reac- 

5 ting device having the above described construc- 
tion and concrete constructions of the devices will 
be below described. 

At first, said tip-housing case 25 is made of a 
synthetic resin, having a rectangular shape as seen 

ro on the plan view, and being provided with an 
outwardly bent stepped portion (d) formed midway 
between an upper portion and a lower portion of a 
case body 41 opened at said upper portion thereof, 
a downward bent piece (e) almost closely engaged 

75 with an expanded portion on an upper portion side 
of said case body 41 and connected with a circum- 
ferential portion of the case body 41 formed on a 
plate member 42 supported by said stepped por- 
tion (d) and tip-supporting holes (f) formed length- 

20 wise and crosswise for supporting the stepped 
portion having a larger diameter of the tip 19, as 
shown in Figures 6 and 7. 

On the other hand, said storing portion 24 of 
said case 25 is closely engaged with an opening 

25 43 formed in the base 1 of the apparatus and 
comprises a supporting surface (h) of the stepped 
portion (d) formed around an opening 44 by for- 
ming said opening 44, through which a lower por- 
tion side of the tip-housing case 25 is to be loosely 

30 passed, in a metallic plate material, from which four 
corners have been removed, as shown by a two- 
dot chain line in Fig. 7, a box-shaped portion, 
which is to be elastically engaged with said open- 
ing 43 of the base 1 , formed by standing four sides 

35 of said plate material so as to be slightly expanded 
and flanges 46 formed by outwardly bending upper 
portion sides of the respective standing plate por- 
tions 45 for supporting an upper surface 46 around 
the opening 43 of the base 1 . 

40 And, a U letter-shaped notch is formed in a 

middle portion in the longitudinal direction of the 
standing plate portions in the short side direction 
and on both sides in the longitudinal direction of 
the standing plate portions in the long side direc- 

45 tion and a portion surrounded by said notches are 
slightly expanded in said box-shaped portion with 
being bent to form elastic holding means 47 for 
elastically and energizedly holding an upper portion 
side of the tip-housing case 25. 

so With the storing portion 24 having the above 

described construction, the stepped protion (d) of 
the tip-housing case 25 is supported on said sup- 
porting surface (h), so that a height of the tip 19 
relative to the base 1 of the apparatus and thus the 

55 work hand 9 can be regulated in an appointed 
manner. . . 

And, said four sides of the tip-housing case 25 
supported on the supporting surface (h) are apt to 
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be pressed by said elastic holding means 47, so 
that a center of the case and thus a center of the 
tip held by said plate member 42 can be always 
positioned at an appointed position even though an 
outside size of the tip-housing case 25 is different 
to some extent due to an error of production. 

That is to say, since a position, where the tip 
19 is held, is always unchanged, an automatic 
catching of the tip by means of the work hand 9 
can be achieved in an appointed manner. 

In addition, although the case 25 is energized 
by said elastic holding means 47 at a middle 
portion of a side surface thereof in the above 
described preferred embodiment, corner portions 
of the tip-housing case 25 may be elastically en- 
ergized toward a put-in-two center thereof by the 
elastic holding means 47, as shown in Fig. 8, or, 
corner portions of the case may be elastically 
energized toward said center of the case (that is in 
a diagonal direction) and surface portions in the 
vicinity of said corner portions of the case may be 
pressed although they are not shown. According to 
these constructions, since the case 25 has a higher 
rigidity in the vicinity of the corner portions thereof, 
the case 25 is difficulty deformed although the 
elastic holding means 47 is enhanced in energizing 
force to some extent and thus a high strength of 
the tip-housing case 25 can be kept. 

Next, as to the covers 13 of the reagent-con- 
tained vial 12, the covers 13 comprise a cover 
body 48 held engagedly with a flange portion (i) of 
the reagent-contained vial 12, a neck portion 49 
provided with a tapped portion formed on an upper 
side thereof and connected with a center of an 
upper surface of said cover body 48, a stepped 
head portion 50 having a diameter smaller than that 
of the cover body 48 and screwed on said tapped 
portion and a conical surface portion (S) formed in 
a lower portion of said head portion 50 in the form 
of expanded-in-skirt concave portion with an axis 
shaft line of said neck portion 49 as a center, as 
shown in Fig. 9. 

Said table 27 for placing the covers 13 of the 
containers thereon has a construction as shown in 
Figs. 10 to 13. That is to say, the table 27 com- 
prises a bent plate-like member 52 connected with 
a pin 51 standing on the base 1 of the apparatus in 
a cantilever manner with facing to the side of a 
container-arranging portion 26, cover-placing mem- 
bers 53 slightly larger than a semicircle, made of 
synthetic resins and provided on an upper surface 
of said plate-like member 52 at appointed intervals 
in the longitudinal direction, a neck-inserting portion 
54 having a diameter slightly larger than that of the 
neck portion 49 of the covers 13 of the containers 
formed around semicircular centers of said cover- 
placing members 53 relatively to the cover-placing 
members 53 and the plate-like member 52, a neck- 
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introducing portion 55 for introducing the neck por- 
tion 49 into said neck-inserting portion 54 from the 
horizontal direction and a partially conical surface- 
shaped cover-supporting portion 56 formed around 
5 a center of the neck-inserting portion 54 for sup- 
porting said conical surface portion (S) of the head 
portion 50. 

According to the above described construction, 
the conical surface portion (S) of the head portion 

w 50 is supported by said cover-supporting portion 
56 of the table 27 for placing the covers 13 of the 
vials thereon under the surface-engaged condition 
by catching the head portion 50 of the covers 13 of 
the vials with a mouth portion of the reagent- 

rs contained vial 12 closed by means of the work 
hand 9 to lift up it and simultaneously move it 
horizontally, whereby introducing the neck portion 
49 into the neck-inserting portion 54 through said 
neck-introducing portion 55, and slightly descend- 

20 ing the work hand 9 to cancel! the head portion 50 
from being caught in case of need. 

In the case where the head portion 50 is to be 
cancelled from being caught by means of the work 
hand 9, even though the central position of the 

25 conical surface portion (S) of the head portion 50 is 
slightly shifted from the center of the cover-sup- 
porting portion 56 of the table 27 for placing the 
covers 13 of the vials thereon, both the conical 
surface portion (S) and the cover-supporting por- 

30 tion 56 have a conical shape, so that they can be 
automatically centered and also a movement of the 
covers 13 of the vials due to a vibration can be 
surely prevented and thus an automatical catching 
of the covers 13 by means of the work hand 9 can 

35 be easily achieved. 

Said chucking device 30 has a construction as 
shown in Figs. 14 to 16. That is to say, the chuck- 
ing device 30 comprises a disk-like body of revolu- 
tion 57 provided with a circumferential wall 0) and 

40 connected with an output shaft 59 of a stepping 
motor (one example of a driving gear) 58 and a 
ring-like trailing body of revolution 61 concentrically 
held on an upper portion of said circumferential 
wall (j) of said body of revolution 57 through a 

45 bearing 60, both the body of revolution 57 and said 
body of revolution 61 being relatively rotatably con- 
nected with each other through a spring 62. 

And, the body of revolution 57 is provided with 
for example 3 pieces of support shaft 63 standing 

so at regular intervals around an axis of rotation (P) 
thereof, chucking member 65 provided with a rub- 
ber roller 64 on the side of an idling end thereof 
being pivoted on said support shafts 63 so as to be 
symmetric relatively to a point, the circumferential 

55 wall (j) and the trailing body of revolution 61 being 
provided with a concave portion (m), (n), respec- 
tively, formed in correspondence to a pivoting base 
portion of said chucking member 65, a member to 

6 
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be engaged 66, which is engaged with said con- 
cave portion (n) with relative rotations of both bod- 
ies of revolution 57, 61 against an energizing force 
of said spring 62, being connected with the respec- 
tive pivoting base portion sides of the chucking 
member 65, and locking means 67 for releasably 
locking the trailing body of revolution 61 at an 
appointed position being provided. 

In addition, said locking means 67 comprises a 
member 68 provided with a stopper hole (r) and 
formed in the circumferential portion of the trailing 
body of revolution 61 , a stopper member 70, which 
is engaged with said stopper hole (r) of said mem- 
ber 68 when the trailing body of revolution 61 was 
stopped at said appointed position by control 
means 69 for an appointed position-stoppage, and 
a solenoid 71 for engaging and deengaging said 
stopper member 70 with the stopper hole (r). 

According to such the construction, when said 
solenoid 71 is operated under the condition that the 
trailing body of revolution 61 is stopped at the 
appointed position and thus the chucking member 
65 is contractedly closed on the idling end side 
thereof, to engage the stopper member 70 with the 
stopper hole, (r), that is to lock the trailing body of 
revolution 61 at the appointed position, as shown in 
Fig. 16, and the body of revolution 57 is slightly 
rotated positively (in a clockwise direction in Fig. 
16) against said energizing force of the spring 62, 
the idling end side of the chucking member 65 is 
expandedly opened, as shown in Fig. 17, by slight- 
ly rotating the support shaft 63 under the condition 
that said member to be engaged 66 is engaged 
with an end portion of the concave portion (n) on 
the side of the trailing body of revolution 61 on the 
idling end side thereof. 

Here, upon inserting the sample vial 10, of 
which screw cap 1 1 (having a right-handed screw 
construction for convenience) was caught by 
means of the work hand 9, in a space limited by 
the chucking member 65 and reversely rotating the 
body of revolution 57 to an original position, the 
idling end side of the chucking member 65 is 
contractedly closed by the energizing force of the 
spring 62 and thus the sample vial 10 is caught by 
the rubber roller 64 on the idling end side of the 
chucking member 65 (refer to Fig. 18). 

And, the screw cap 1 1 can be automatically 
removed from the sample vial 10 by reversely 
operating the solenoid 71 under the above de- 
scribed condition to release the stopper member 
70 from the stopper hole (r), that is to cancel the 
locking of the trailing body of revolution 61, and 
lifting the work hand 9 by every dimension cor- 
responding to one pitch of the screw cap 11 per 
one rotation of the body of revolution 57 with 
regularly rotating the body of revolution 57, as 
shown in Fig. 15. 
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In addition, the screw cap 1 1 is screwed on the 
sample vial 10 and the sample vial 10 is taken out 
of the chucking device 30 by an operation opposite 
to the above described one. 

5 Said centrifugal stirrer 31 has a construction as 

shown in Figs. 19 to 21. That is to say, a stepping 
motor (one example of driving gears) 74 is pro- 
vided on a lower surface side of an inclined plate 
73 under the condition that an output shaft 72 is 

io projected above said inclined plate 73, a body of 
revolution 75 being mounted on an axial end of 
said output shaft 72, and said body of revolution 75 
being provided with a pair of elastically flexible 
arms 76 made from for example spring wire materi- 

75 als so as to give appointed angles and a phase 
difference of 180°. 

And, one of a pair of arms 76 is provided with 
a cylindrical vial-receiving member 77, in which the 
sample vial 10 is to be inserted under the condition 

20 that a horizontal posture is given to said arm 76 
and the axis shaft line of the sample vial 10 caught 
by the work hand 9 is set to be perpendicular, and 
the other of said arms 76 is provided with a 
balance-setting dummy body 78 having a weight 

25 almost equal to the total weight of said vial-receiv- 
ing member 77 and the sample vial 10 inserted in 
the vial-receiving member 77. 

In addition, referring to Figs. 19 to 21, refer- 
ence numeral 79 designates position-regulating 

30 means for stopping said stepping motor 74 at an 
appointed position to position the vial-receiving 
member 77 at a position (A) in which the sample 
vial 10 is to be inserted in a vertical posture. 

Furthermore, beating means 80 for stirring the 

35 sample and reagent within the sample vial 10 in- 
serted in the vial-receiving member 77 is provided 
in the vicinity of the vial-receiving member 77 when 
the vial-receiving member 77 exists at said vial- 
inserting position (A). 

40 Said beating means 80 comprises a rotary 

solenoid 82 provided on a horizontal plate 81 con- 
nected with the inclined plate 73, a hammer boss 
83 fixedly mounted on an upper end of an axis of 
rotation of said solenoid 82 and a hammer arm 84 

45 projectedly provided in the lateral direction rela- 
tively to said boss 83. 

In the centrifugal stirrer 31 having the above 
described construction, a very small quantity of 
reagent sucked in the tip 19 can be almost com- 

so pletely dividedly poured into the sample vial 10 by 
slightly rotating the stepping motor 74 to slightly 
move the vial-receiving member 77 existing at the 
vial-inserting position (A), that is slightly inclining 
the sample vial 10 inserted in the vial-receiving 

55 member 77 to engage a pointed end of the tip 19 
with an inner wall of the sample vial 10, as shown 
in Fig. 22. 
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That is to say, although the reagent sucked in 
the tip 19 can be almost completely dividedly 
poured into the sample vial 10 even by merely 
operating said dividedly pouring pump 16 of the 
reagent-dividedly pouring unit 14, if said pointed 
end of the tip 19 is additionally brought into contact 
with an inclined inner wall of the sample vial 10, 
the reagent remaining in the pointed end of the tip 
19 is suckedly transferred onto said inner wall of 
the vial 10 and thus even though a very small 
quantity of reagent is sucked in the tip 19, it can be 
almost completely dividedly poured into the sam- 
ple vial 10. 

Besides, it goes without saying that the reagent 
can be dividedly poured in the same manner as 
shown in Fig. 22 also by inserting the tip 19 in the 
sample vial 10 inserted in the vial-receiving mem- 
ber 77 under the condition that the vial-receiving 
member 77 is positioned at the vial-inserting posi- 
tion (A) and then slightly rotating the stepping 
motor 74 to bring the pointed end of the tip 19 into 
contact with the inner wall of the vial 10. 

The reagent dividedly poured in the above 
described manner is mixed with the sample to 
carry out the reaction but a remarkably very small 
quantity of reagent is stuck to the inner wall of the 
vial 10 by the above described divided pouring of 
the reagent, so that it becomes difficult to achieve 
a desired mixing. 

So, after the above described divided pouring, 
the stepping motor 74 is rotated in high speed to 
give a centrifugal force to the reagent (weight), 
whereby forcibly focusing the reagent and the sam- 
ple on a bottom portion of the vial. 

And, after the lapse of an appointed time, the 
stepping motor 74 is rotated in low speed and the 
rotary solenoid 82 is operated to switch over said 
hammer arm 84 from a watch-and-wait position 
shown by a full line in Fig. 20 to a beating position 
shown by a two-dot chain line in Fig. 20, whereby 
the lower portion side of the vial-receiving member 
77 inserted in the sample vial 10 is beaten by 
means of the hammer arm 84 and as a result the 
sample and reagent within the sample vial 10 can 
be effectively vibrated and stirred. 

After the completion of this stirring, the step- 
ping motor 74 is rotated in high speed again to 
focus the reagent-mixed sample scattered by said 
vibration and stirring and stuck to the inner wall of 
the vial on said bottom portion of the vial. 

Next, as to said reaction-promoting heaters 32 
and 33, both the heater 32 and the heater 33 have 
the same construction shown in Fig. 23. 

That is to say, the heaters 32 and 33 comprise 
a holding member 88 with a horizontal arm 87 
connected with an upper end thereof elevatably 
provided in the vicinity of a heat block 86 with a 
holding portion 85 holding the sample vial 10, a 
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cover body 89 elastically dislocatable in the up and 
down direction on an idling end side of said arm 87 
for closing a mouth portion of the sample vial 10 
and a heater 90 provided in said cover body 89. 

5 According to the above described construction, 

since the reagent-mixed sample within the sample 
vial 10 is heated by means of said heat block 86, 
not only the reaction of the sample and the reagent 
is promoted but also the reagent-mixed sample, in 

w particular the reagent, can be prevented from being 
evaporated by means of the cover body 89. In 
addition, since the cover body 89 is heated by 
means of said heater 90, in particular the reagent 
can be effectively prevented from being cohered 

75 on an inner surface of the cover body. 

The evaporator 34 has a construction as shown 
in Fig. 24. That is to say, the evaporator 34 com- 
prises a holding member 94 with a horizontal arm 
93 connected with an upper end thereof elevatably 

20 provided in the vicinity of a heat block 92 with a 
holding portion 91 holding the sample vial 10, a 
cover member 95 elastically dislocatable in the up 
and down direction through a bellows member 96 
on an idling end side of said arm 93 for closing 

25 said mouth portion of the sample vial 10 held by 
means of said holding portion 91 and double tubes 
97 and 98 passing through a central portion of said 
cover member 95. 

And, an inner tube 97 of said double tubes 97 

30 and 98 is set in length so that a lower end thereof 
may be positioned in the vicinity of a liquid level of 
the reagent-mixed sample within the sample vial 
10, an air supply line 99 supplying a space closed 
by the cover member 95 of the sample vial 10 with 

35 a purge gas being connected with an upper end of 
the inner tube 97, an exhaust line 101 connected 
with vacuum exhaust means 100 being connected 
with an upper end of an outer tube 98, and said 
purge gas, such as nitrogen, being introduced into 

40 the sample vial 10 and simultaneously exhausted in 
a vacuum with heating the reagent-mixed sample 
within the sample vial 10 by means of said heat 
block 92 to distil off the reagent and the like within 
the sample vial 10 and concentrate the sample and 

45 the like. 

In the evaporator 34 having the above de- 
scribed construction, disadvantages occur in that 
not only the reagent is evaporated in the sample 
vial 10 by heating the reagent-mixed sample by 

so means of the heat block 92 but also the reagent- 
mixed sample is scattered in the sample vial 10 by 
the spouting of the purge gas and mists of the 
reagent and reagent-mixed sample are stuck to an 
outer surface of the inner tube 97 and an inner 

55 surface of said exhaust line 101, whereby the con- 
tamination between the sample vial 10 is brought 
about and the exhaust line 101 is stopped. 
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In order to cancel such the disadvantages, said 
washing device 35 is provided in the vicinity of the 
evaporator 34. 

In order to construct the washing device 35, 
said arm-holding member 94 is arranged rotatably 5 
around a longitudinal axis shaft line (Pi), as shown 
in Fig. 3, a washing block 103 provided with a 
washing room 102 with an upper portion opened 
being arranged at a position where said upper 
opening is closed by means of the cover member w 
95 under the condition that the inner tube 97 is 
inserted through said washing room 102, a three- 
way valve 105 provided with a washing liquid sup- 
ply line 104 connected therewith being provided 
midway said purge gas supply line 99 in order to 75 
switchedly supply the washing room 102 with a 
washing liquid in place of the purge gas, and a 
three-way valve 107 provided with a waste liquid 
line 106 of said washing liquid connected therewith 
being provided midway the exhaust line 101, as 20 
shown in Fig. 25. 

That is to say, the washing room 102, which 
can be closed by means of the cover member 95, 
is provided and the gas supply line 99 and the 
exhaust line 101 of the evaporator 34 are effec- 25 
tively used to switchedly supply them with the 
washing liquid, whereby the reagent-mixed sample 
stuck to the outer surface of the inner tube 97 and 
the inner surface of the exhaust line 101 can be 
forcibly washed away and thus the contamination 30 
between the vials and the stoppage of the exhaust 
line 101 can be prevented. 

The pretreatment for the reaction of reagents 
by means of the pretreatment apparatus having the 
above described construction is full-automatically 35 
conducted in for example the following process: 

1. The sample vial 10 is supplied to the chuck- 
ing device 30 from the container-holding portion 
28 by means of the work hand 9. 

2. The screw cap 11 is removed by rotating the 40 
chucking device 30 under the condition that the 
screw cap 1 1 is held by means of the work hand 

9. 

3. The removed cap 11 is transferred onto the 
table 29 for temporarily placing the screw cap 45 
11. 

4. The sample vial 10, from which the cap has 
been removed, is moved to the centrifugal stir- 
rer 31. 

5. The vial cover 13 is removed from the vial 12, so 
in which the first reagent for for example the 
pyridylamination is housed, by means of the 
work hand 9 and the removed vial cover 13 is 
transferred onto the table 27. 

6. The tip holder 15 is taken out from the 55 
holder-storing portion 36 by means of the work 
hand 9 and the tip 19 is engagedly held in the 
tip-holding pipe 20. 



7. The appointed quantity of the first reagent (10 
ul of a solution of 2-aminopyridine in acetic 
acid) is sucked from the vial 12 by means of the 
tip 19 and the first reagent is dividedly poured 
into the sample vial 10 held in the centrifugal 
stirrer 31. 

8. The tip 19, which has been used, is aban- 
doned into the case 23 by means of the tip- 
separating means 22. 

9. The tip holder 15 is leanedly stored in tile 
holder-storing portion 36. 

10. The vial cover 13 for the vial 12, in which 
the first reagent is housed, is closed. 

11. The first reagent within the sample vial 10 is 
weighted by means of the centrifugal stirrer 31 
(the reagent stuck to the wall surface of the 
sample vial is collected on the bottom portion of 
the vial by the centrifugal force. For example 
about 20 seconds). 

12. The sample and the first reagent are stirred 
by means of the hammer arm 84 under the 
condition that the sample vial 10 is rotated in 
low speed after the above described weighting 
and the reagent-mixed sample, which has been 
stirred, is weighted (about 40 seconds). 

13. The sample vial 10 is moved to the heater 
32 by means of the work hand 9. 

14. The thermal reaction for the pyridylamination 
between the sample and the first reagent is 
conducted for 20 minutes at a temperature of for 
example about 90 °C in the heater 32. 

15. After the reaction, the sample vial 10 is 
transferred to the evaporator 34. 

16. In the evaporator 34, the first reagent is 
distilled off (the evaporation is continued for 20 
minutes at a temperature of 60 a C with sup- 
plying the sample vial 10 with an inert gas, such 
as a N 2 gas, and suctioning gases within the vial 
10 in a vacuum). 

17. The sample vial 10 is transferred to the 
centrifugal stirrer 31. 

In the following 18 to 27, the reductive pro- 
cess by the same cycle as in the above 5 to 14 
is conducted. 

18. The cover 13 of the vial 12, in which the 
second reagent for the reduction is housed, is 
removed and the removed cover 13 is trans- 
ferred onto the table 27. 

19. The tip holder 15 is taken out and the tip 19 
is engagedly held by means of the work hand 9. 

20. The appointed quantity of the second 
reagent (10jxl of a solution of boran dimethyl 
amine in acetic acid) is sucked and the second 
reagent is dividedly poured into the sample vial 
10. 

21. The tip 19, which has been used, is aban- 
doned into the case 23. 
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22. The tip holder 15 is stored in the holder- 
storing portion 36. 

23. The vial cover 13 for the vial 12, in which 
the second reagent is housed, is closed. 

24. The second reagent is weighted (about 20 
seconds). 

25. The sample and the second reagent are 
stirred by means of the hammer arm 84 and the 
reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

26. The sample vial 10 is moved to the heater 
33. 

27. The thermal reaction for the reduction is 
conducted for 20 minutes at a temperature of for 
example about 90 °C in the heater 33, 

28. Subsequently, the sample vial 10 is trans- 
ferred into the centrifugal stirrer 31 . 

In the following 29 to 36 and 37 to 44, the 
first azeotropic process and the second 
azeotropic process by the same cycle as in the 
above 18 to 25 are conducted. That is to say, 

29. The cover 13 of the vial 12, in which the 
third reagent for the first azeotropic process is 
housed, is removed and the removed cover 13 
is transferred onto the table 27. 

30. The tip holder 15 is taken out and the tip 19 
is engagedly held by means of the work hand 9. 

31. The appointed quantity of the third reagent 
(20 ul of methanol) is sucked and the third 
reagent is dividedly poured into the sample vial 
10. 

32. The tip 19, which has been used, is aban- 
doned into the case 23. 

33. The tip holder 15 is stored in the holder- 
storing portion 36. 

34. The vial cover 13 for the vial 12, in which 
the third reagent is housed, is closed. 

35. The third reagent is weighted (about 20 
seconds). 

36. The sample and the third reagent are stirred 
by means of the hammer arm 84 and the 
reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

37. The cover 13 of the vial 12, in which the 
fourth reagent for the second azeotropic process 
is housed, is removed and the removed cover 
13 is transferred onto the table 27. 

38. The tip holder 15 is taken out and the tip 19 
is engagedly held by means of the work hand 9. 

39. The appointed quantity of the fourth reagent 
(40ul of toluene) is sucked and the fourth 
reagent is dividedly poured into the sample vial 
10. 

40. The tip 19, which has been used, is aban- 
doned into the case 23. 

41. The tip holder 15 is stored in the holder- 
storing portion 36. 
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42. The vial cover 13 for the vial 12, in which 
the fourth reagent is housed, is closed. 

43. The fourth reagent is weighted (about 20 
seconds). 

5 44. The sample and the fourth reagent are 
stirred by means of the hammer arm 84 and the 
reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

Then, the same cycle as in the above de- 

10 scribed 15 to 17 is taken. That is to say, 

45. After the reaction, the sample vial 10 is 
transferred to the evaporator 34. 

46. In the evaporator 34, the third and fourth 
reagents are distilled off (the evaporation is con- 

75 tinued for 10 minutes at a temperature of 60 °C 
with supplying the sample vial 10 with an inert 
gas, such as a N 2 gas, and suctioning gases 
within the vial 10 in a vacuum). 

47. The sample vial 10 is transferred to the 
20 centrifugal stirrer 31 . 

In the following 48 to 55 and 56 to 63, the 
third azeotropic process and the fourth 
azeotropic process by the same cycle as in the 
above 37 to 44 are conducted. That is to say, 
25 48. The cover 13 of the vial 12, in which the fifth 

reagent for the third azeotropic process is 
housed, is removed and the removed cover 13 
is transferred onto the table 27. 

49. The tip holder 15 is taken out and the tip 19 
30 is engagedly held by means of the work hand 9. 

50. The appointed quantity of the fifth reagent 
(20 ul of methanol) is sucked and the fifth 
reagent is dividedly poured into the sample vial 
10. 

35 51. The tip 19, which has been used, is aban- 
doned into the case 23. 

52. The tip holder 15 is stored in the holder- 
storing portion 36. 

53. The vial cover 13 for the vial 12, in which 
40 the fifth reagent is housed, is closed. 

54. The fifth reagent is weighted (about 20 sec- 
onds). 

55. The sample and the fifth reagent are stirred 
by means of the hammer arm 84 and the 

45 reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

56. The cover 13 of the vial 12, in which the 
sixth reagent for the fourth azeotropic process is 
housed, is removed and the removed cover 13 

so is transferred onto the table 27. 

57. The tip holder 15 is taken out and the tip 19 
is engagedly held by means of the work hand 9. 

58. The appointed quantity of the sixth reagent 
(40 ul of toluene) is sucked and the sixth 

55 reagent is dividedly poured into the sample vial 

10. 

59. The tip 19, which has been used, is aban- 
doned into the case 23. 

10 
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60. The tip holder 15 is stored in the holder- 
storing portion 36. 

61. The vial cover 13 for the vial 12, in which 
the sixth reagent is housed, is closed. 

62. The sixth reagent is weighted (about 20 
seconds). 

63. The sample and the sixth reagent are stirred 
by means of the hammer arm 84 and the 
reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

Then, the same cycle as in the above de- 
scribed 45 to 47 is taken. That is to say, 

64. After the reaction, the sample vial 10 is 
transferred to the evaporator 34. 

65. In the evaporator 34, the fifth and sixth 
reagents are distilled off (the evaporation is con- 
tinued for 10 minutes at a temperature of 60 *C 
with supplying the sample vial 10 with an inert 
gas, such as a N2 gas, and suctioning gases 
within the vial 10 in a vacuum). 

66. The sample vial 10 is transferred into the 
centrifugal stirrer 31 . 

In the following 67 to 74, the fifth azeotropic 
process by the same cycle as in the above 56 
to 63 is conducted. That is to say, 

67. The cover 13 of the vial 12, in which the 
seventh reagent for the fifth azeotropic process 
is housed, is removed and the removed cover 
13 is transferred onto the table 27. 

68. The tip holder 15 is taken out and the tip 19 
is engagedly held by means of the work hand 9. 

69. The appointed quantity of the seventh 
reagent (40 ul of toluene) is sucked and the 
seventh reagent is dividedly poured into the 
sample vial 10. 

70. The tip 19, which has been used, is aban- 
doned into the case 23. 

71. The tip holder 15 is stored in the holder- 
storing portion 36. 

72. The vial cover 13 for the vial 12, in which 
the seventh reagent is housed, is closed. 

73. The seventh reagent is weighted (about 20 
seconds). 

74. The sample and the seventh reagent are 
stirred by means of the hammer arm 84 and the 
reagent-mixed sample, which has been stirred, 
is weighted (about 40 seconds). 

Then, the same cycle as in the above de- 
scribed 64 and 65 is taken. That is to say, 

75. After the reaction, the sample vial 10 is 
transferred to the evaporator 34. 

76. In the evaporator 34, the seventh reagent is 
distilled off (the evaporation is continued for 10 
minutes at a temperature of 60 0 C with sup- 
plying the sample vial 10 with an inert gas, such 
as a N2 gas, and suctioning gases within the vial 
10 in a vacuum). 



Thus, the pyridylamination, the reduction 
and the first to fifth azeotropic processes are 
over and then 

77. The sample vial 10 is transferred to the 
5 chucking device 30. 

78. The purge gas system of the evaporator 34 
is washed simultaneously with the above de- 
scribed transfer of the sample vial 10. 

That is to say, at the point of time when the 
70 final evaporation for one sample is over, the 
arm-holding member is rotated, the washing 
room 102 of the washing block 103 being closed 
with the cover member 95, and the three-way 
valves 105, 107 being switched over to the 
75 washing liquid-supplying form to wash the mists 
and the like of the reagents by the use of the 
purge gas supply line 99 and the purge gas 
exhaust line 101 . 

79. The cap 11 is held on the table 29 for 
20 temporarily placing the cap 11 and transferred 

to the chucking device 30 by means of the work 
hand 9. 

80. The chucking device 30 is rotated under the 
condition that the cap 11 is held to close the 

25 sample vial 10 with the screw cap 1 1. 

81. The cap-provided vial 10 is transferred to 
the sample vial-holding portion 28. 

Thus, the pretreatment for for example the 
analysis of sugars is finished. 

30 As above described, with the pretreatment ap- 

paratus according to the present invention, various 
kinds of operation in the pretreatment, such as the 
mounting and removal of the cap on and from the 
mouth portion of the sample vial, the replacement 

35 of the tip for the tip holder, the divided pouring of 
various kinds of reagent in the sample vial and the 
transfer of the sample vial to various kinds of 
device, can be full-automatically conducted and 
thus the time required for the pretreatment for the 

40 analysis can be reduced and the reproducibility of 
the pretreatment can be improved. 

In addition, if the tip holder of the reagent- 
dividedly pouring unit is held in the storing portion 
in the steps other than the reagent-dividedly pour- 

45 ing step, the tube of the reagent-dividedly pouring 
unit does not hinder the movement of the sample 
vial and the like and also the freedom in the 
arrangement and design of various kinds of device 
and the storing portion can be improved which are 

50 ideal for the pretreatment apparatus for use in the 
analysis. 

Claims 

55 1. A pretreatment apparatus for use in connection 
with the analysis of substances comprising a 
storing portion (24) of reagent-dividedly pour- 
ing tips (19), a storing portion (26) of reagent- 
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containing vials (12), a storing portion (28) of 
sample vials (10), a chuck device (30) of said 
sample vial (10) chucking and rotating the 
sample vial (10), a unit (14) for divided pouring 
of a reagent into the sample vial (10) from 5 
which a cap (11) has been removed, a centri- 
fugal stirrer (31) for weighting said dividedly 
poured reagent and stirring the reagent and a 
sample, a heater (32, 33) for the stirred 
reagent and said sample, an evaporator (34) w 
for the reagent and sample, characterized by 
a three-dimensionally moveable work hand (9) 
separately catching a tip holder (15) of said 
unit (14) for divided pouring of a reagent into 
the sample vial (10), a cover (13) of a reagent- 75 
contained vial (12), a screw cap (11) of the 
sample vial (10) and the sample vial (10) from 
which said cap (11) has been removed, re- 
spectively, and tip-separating means (22) sep- 
arating a tip (19) held by said tip holder (15) 20 
by lifting up the tip holder (15). 

2. A pretreatment apparatus as set forth in Claim 
1, wherein said unit (14) for divided pouring of 
a reagent into the sample vial (10) comprises 25 
the tip holder (15) caught by said work hand 
(9) and held in said storing portion (28) in other 
processes than the said divided pouring of 
reagent, a dividedly pouring pump (16) and a 
flexible tube (18) communicatingly connecting 30 
said dividedly pouring pump (16) to the tip 
holder (15). 



BNSDOCIO: <EP 0557828A1 J_> 



EP 0 557 828 A1 




EP 0 557 828 A1 




EP 0 557 828 A1 



Fig .4 
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Fig. 10 
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Fig. 11 
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Fig. 12 
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Fig.15 
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Fig. 20 
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Fig. 23 
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0 BLACK BORDERS 

0 IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
1^ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 
COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: • 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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